In order to compare stand structure and woody species diversity of subtropical 15 evergreen broadleaf forests along a latitudinal thermal gradient of the Ryukyu Archipelago, 16 tree censuses in a 750 m 2 plot in Okinawa Island and a 400 m 2 plot in Ishigaki Island were 17 performed. The number of layers increased along a latitudinal thermal gradient from four in 18
The coastal areas of the Western Pacific from subarctic eastern Siberia to equatorial SE Asia 5 have forest climates with sufficient rainfall, which develops a sequence of five forest 6 formations: subarctic evergreen conifer forests, cool-temperate deciduous broadleaf forests, 7 warm-temperate lucidophyll forests, subtropical forests and tropical rain forests (Kira, 1991) . 8
Within the Western Pacific sequence of thermal vegetation zones, the subtropical zone whose 9 major part is covered by dry area, only a small part including a chain of islands from 10
Okinawa to Taiwan and South China, is sufficiently moist to allow the development of 11 subtropical forests. Therefore, the subtropical forests in the Ryukyu Archipelago are precious 12 from a phytogeographical viewpoint. 13 distribution of abundance among the species, sometimes known as equitability). In addition, 1 the spatial distribution of trees has been a major source of interest for plant ecologists because 2 of its potential role in explaining the coexistence of tree species in species-rich forests 3 (Bunyavejchewin et al., 2003) . 4 5 The degree of canopy multi-layering and the woody species diversity increase along a 6 latitudinal thermal gradient from higher latitudes to the tropics (Hozumi, 1975; Yamakura, 7 1987; Kira, 1991; Ohsawa, 1995; Kimmins, 2004) . The canopy multi-layering structure, i.e. 8 architectural stratification, is an important factor in maintaining higher woody species 9 diversity (Roberts & Gilliam, 1995; Lindgren & Sullivan, 2001) . However, there is a dearth of 10 studies reporting the effect of the architectural stratification on floristic composition, woody 11 species diversity and spatial distribution of trees in the subtropical evergreen broadleaf forest 12 in Okinawa Island. It is evident that there have apparently been no studies from such a point 13 of view in the subtropical evergreen broadleaf forest in Ishigaki Island. The purposes of this 14 ∑ = = 1 (n = 1,…., total 16 number of trees N). If the M-w diagram is constructed by plotting the values of M against the 17 corresponding values of w on logarithmic coordinates, then some segments on the M-w 18 diagram are formed. Each segment is related to the layer with the specific characteristics of 19 the beta-type distribution designated by Hozumi (1971 Hozumi ( , 1975 . Hozumi (1975) pointed out 20 that the segments on the M-w diagram can be written by either of the following equations: 21
(2) 23 where A, B, C and b are coefficients. These functions reflect some aspect of the manners of 24 packing trees into the three-dimensional space as realized by a forest stand. 25 1 derivative S 1 and the second derivative S 2 to tree weight w on the M-w diagram. The S 1 When the moving value of S 1 is plotted against the corresponding value of w, points of 6 inflection probably appear instead of the points of intersection between the segments on the 7 M-w diagram. Then, the second derivative S 2 has extrema, whose x-coordinates can be 8 regarded as the points of boundary between layers. where i n is the number of individuals of the ith species, i a is the basal area at a height of 16 H/10 of the ith species, i f is the number of quadrats in which the ith species appeared and Q 17 is the total number of quadrats. 18 19 20 Species-area relationship 21 22 (5) 8
The expected number of species q S appeared within the number of quadrats q selected at 1 random from the total number of quadrats Q was calculated from the equation proposed by 2 Shinozaki (1963) (cf. Hurlbert, 1971) 
where i q is the number of quadrats in which the ith species occurred and S is the total number 5 of species. The q S -values were obtained for q-values of 1, 2, 4, 8, 16, 32, 64 and 120 for the 6 forest in Okinawa Island, and 1, 2, 4, 8, 16, 32 and 64 for the forest in Ishigaki Island. where S is the total number of species, n Ai and n Bi are the number of individuals of the ith 16 species respectively belonging to Layer A and Layer B. The value of Π C is 1.0 when the 17 number of individuals belonging to a species is the same between the two layers for all 18 species, i.e., floristic composition is completely the same between the layers, and is 0.0 when 19 no common species is found between them. 20 Equation (7) was also applied for measuring the degree of similarity in floristic 21 composition between the Okinawa and Ishigaki forests. In this case, S is the total number of 22 (7) species in the two forests, n Ai and n Bi are the number of individuals of the ith species 1 respectively belonging to the Okinawa and Ishigaki forests. 
where N is the total number of individuals. 12 13 14
Spatial distributions of trees 15 16
The unit-size * u mu m method and the ρ-index with successive changes of quadrat sizes (Iwao, 17 1972 ) were used to analyze the spatial distribution of trees. Mean density u m is defined as: 18 
Overlapping in spatial distributions of trees between layers 14 15
The ω-index, which is proposed by Iwao (1977) for analyzing spatial association between The dendrograms for analyzing the degrees of floristic similarity among layers were 22 constructed following Mountford's (1962) method, or unweighted pair-group method using 23 arithmetic averages (Sneath & Sokal, 1973) . relationship. Their tree weights at boundaries between layers were estimated to be 508, 3.18 20 and 0.00953 cm 2 m. 21
22
On the other hand, the M-w in the Ishigaki forest is illustrated in Fig. 2a . As is clear from Fig.  23 2b, the M-w diagram shows five phases, all of which have the property of Eq. (1). As a result, 24 it was confirmed that the forest consists of five architectural layers. Figure 2c shows that the 25 extrema, represented by arrows, apparently emerged in the w S ln 2 − relationship. Their tree 1 weights at the boundaries between layers were estimated to be 706. 3 
The estimated maximum tree height was 21.0 m, which was the same in both of the forests. 10
The heights of the boundaries were determined as 8.0, 1.9 and 0.25 m in the Okinawa forest 11 and 7.6, 2.7, 0.87 and 0.21 m in the Ishigaki forest by substituting the tree weights at 12 boundaries obtained above for w respectively in Eqs. 14 
Species dominance 21
22 Table 1 lists importance value IV of five woody species for each layer in each of the forests in 23 order of species rank, which was determined from IV in the total stand. In the subtropical evergreen broadleaf forest in Okinawa Island, a total of 26 families, 43 genera, 60 species and 1 4684 woody individuals were recorded. The most species rich family was Rubiaceae, which 2 As shown in Fig. 4 , the expected number of species increased, and then tended to be saturated 4 with increasing number of quadrats for the Okinawa forest, whereas it increased with 5 increasing number of quadrats for the Ishigaki forest. The relationships of the expected 6 number of species S q to the number of quadrats q in each layer and the total stand were well 7 approximated by the following equation (Ogawa, 1980;  cf. Hagihara, 1995): 8
where c and d are coefficients, and max S is the expected maximum number of species. in the top layer of the Okinawa forest, the spatial distribution of trees showed a special trend. 3
The ρ-index showed three peaks respectively at quadrat size 1, 4 and 30. The first peak at 4 quadrat size 1 may be occasional appearance due to the underdispersion of individual trees, 5 and the second and third peaks may perhaps be related to topography. As a result, the top 6 layer probably consists of a double clump, the small and large clumps of which were 7 respectively 25 m 2 and 187.5 m 2 . In light of mean area occupied by individuals of the top 8 layer trees in the Okinawa forest (9.1 ± 0.6 (SE) m 2 ), the small clump may include three 9
individuals and the large clump may include around eight small clumps. On the other hand, in 10 the bottom layer of the Ishigaki forest, the spatial distribution of trees was aggregated (P = 1.1 11 × 10 -4 ), though its basic component was a single individual. 12 13 14
Overlapping in spatial distributions of trees among layers 15
These results may indicate that trees in the upper two layers in the Ishigaki forest can catch 1 sufficient light, while light can not penetrate easily to the lower three layers in both of the 2 forests. As a result, almost species in the lower layers might be shade-tolerant in both of the 3 forests. broadleaf. The number of species in the Okinawa forest was lower than that in the Ishigaki 23 forest, though the study area in Okinawa Island was approximately twice as large as that in 24 Ishigaki Island. Similarly, the potential number of species in the Okinawa forest (62) was 1 lower than that in the Ishigaki forest (92). The similarity in floristic composition between the top layer and the lower three layers in the 20 Okinawa forest was weak, i.e. approximately one-third of the species from the lower three 21 layers may be able to grow into the top layer. In the Ishigaki forest, however, the floristic 22 composition between the top layer and the lower four layers was almost exclusive, i.e. 23 approximately one-sixth of the species from the lower four layers may be able to grow into 24 the top layer. This is because the floristic composition was more similar among layers in the 25 1 composition was observed between these two forests, which is concluded from the low value 2 of similarity index ( Π C = 0.33), though approximately half of the total number of species were 3 common. This is mainly due to the different number of individuals belonging to the same 4 species between these two forests. For example, the number of individuals of Castanopsis 5 sieboldii (Mak.) Hatusima in the Okinawa forest (10480 ha -1 ) was not the same as in the 6
Ishigaki forest (2600 ha -1 ). 7 8 It is known that the diversity of a community depends on two things: species richness and the 9 evenness with which the individuals are apportioned among them (Pielou, 1975) . As the 10 lower layers contained many species relative to their smaller height ranges (Table 2) , 11 obviously these layers support high species richness of the forests. For example, 88% of the 12 total species with 29% of the total individuals in the Okinawa forest and 67% of the total 13 species with 30% of the total individuals in the Ishigaki forest packed within such thin bottom 14 layers of 15 cm and 21 cm deep, respectively. 15
16
In the Okinawa forest, the value of H ′ for small-sized trees having H ≥ 0.10 m was quite 17
high as compared to that of H ′ for large-sized trees having DBH ≥ 4.5 cm (Table 3 ). This is 18 mainly caused by a large number of species for small-sized trees, though higher J ′ -value has 19 a small influence on the high value of H ′ . As shown in Fig. 9 , the trend of increasing 20 diversity with successively decreasing height of layers from the top downward represents that 21 high woody species diversity depended on small-sized trees. Since small-sized trees provide a 22 natural habitat for animals living on the forest floor, conservation of small-sized trees in the 23 lower layers is indispensable to sound maintenance of Okinawan evergreen broadleaf forests 24 in Okinawa Island. 25 1 On the other hand, in the Ishigaki forest, the value of H ′ for large-sized trees having DBH ≥ 2 4.5 cm was quite high as compared to that of H ′ for the total stand (Table 3 ). This is mainly 3 caused by a high evenness for large-sized trees, though smaller number of species has an 4 influence on the low value of H ′ . The diversity tends to increase up to the second layer and 5 then decrease downward ( Fig. 9) , which was different from the Okinawa forest. These results 6 may represent that the large-sized trees have an important role in maintaining high woody 7 species diversity. Thus, it may be thought that the decreasing trend of H ′ from the second 8 layer downward is a characteristic of the subtropical evergreen broadleaf forest in Ishigaki 9
Island. 10
11
The values of the diversity indices ( H ′ and J ′ ) for the total stand in the Okinawa forest were 12 higher than those in the Ishigaki forest (Table 3 ). This is because of a quite high evenness in 13 the Okinawa forest compared to that in the Ishigaki forest, though species richness was lower 14 in the Okinawa forest than in the Ishigaki forest. However, woody species diversity for large-15 sized trees is lower in the Okinawa forest than in the Ishigaki forest. This is caused by a 16 higher species richness and evenness in the Okinawa forest than in the Ishigaki forest. 17
Therefore, the statement of increasing multi-layering structure and woody species diversity 18 along a latitudinal thermal gradient from higher latitudes to the tropics (Hozumi, 1975; 19 Yamakura, 1987; Kira, 1991; Ohsawa, 1995; Kimmins, 2004) supported the present study for 20 large-sized trees, but it did not support for total trees. 21
22
In Table 3 , tree density of 62452 ha -1 for trees having H ≥ 0.10 m in the Okinawa forest was 23 quite low compared to that of 103925 ha -1 for total trees in the Ishigaki forest, whereas basal 24 area of 50.3 m 2 ha -1 in the Okinawa forest was almost the same as that of 49.4 m 2 ha -1 in the Ishigaki forest. However, tree density and basal area for trees having DBH ≥ 4.5 cm in the 1 Okinawa forest were respectively 3080 ha -1 and 43.2 m 2 ha -1 , whose values are comparable 2 with 2775 ha -1 and 42.7 m 2 ha -1 in the Ishigaki forest. Therefore, it follows that the Ishigaki 3 forest is densely populated with small-sized trees compared to Okinawa forest. However, the 4 biomasses of these forest stands are possibly similar, because the basal areas are very close to 5 each other for trees having DBH ≥ 4.5 cm. 6 7 The trend that mean tree weight decreased from the top toward the bottom layer, whereas tree 8 density increased from the top downward ( Fig. 8 ) was successfully formulated with Eq. 15. 9
This trend resembles the mean plant weight-density trajectory of self-thinning even-aged 10 plant populations (Hagihara, 2000), which start growing from initial plant densities lower than 11 the initial plant density of the population obeying the -3/2 power law of self-thinning (Yoda et 12 al., 1963) . The relationship of mean tree height to tree density for the upper two layers in the 13
Okinawa forest supported Yamakura's quasi -1/2 power law of tree height, because the α - 
